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Specification 
Title of the Invention: 

METHOD OF FABRICATING SEMICONDUCTOR DEVICE 

Field of the Invention 

The present invention relates to a semiconductor 
device and, more particularly, to an art which can be 
usefully applied to a semiconductor device having a 
transistor element of trench gate structure. 

Background- of the Invention - 

Power transistors (semiconductor devices) are 
used as switching elements for power amplification 
circuits, power supply circuits and the like. This 
kind of power transistors has a construction in which 
a plurality of transistor elements are electrically 
connected in parallel. Each of the transistor 
elements is constructed as, for example, a MISFET 
(Metal Xnsulator Semiconductor Field Effect 
Transistor) of trench gate structure. A method of 
fabricating a power transistor having a MISFET of 
trench gate structure will be described below. 

First, an n~-type semiconductor layer is formed 
over a major surface of an n + -type semiconductor 
substrate made of single-crystal silicon by an 



epitaxial growth method. These h*-type semiconductor 
substrate and n~-type semiconductor layer are used as 
a drain region. Then, p-type impurities are 
introduced into the entire major surface of the n~- 
5 type semiconductor layer by ion implantation to form a 
p-type semiconductor region to be used as a channel 
forming region. Then, n-type impurities are 
selectively introduced into the major surface of the 
p-type semiconductor region by ion implantation to 

10 form an n*-type semiconductor region which serves as a 
source region. 

Then, after, for example, a silicon oxide film 
has been formed over the major surface of the n"-type 
semiconductor layer, patterning is applied to the 

15 silicon oxide film to form a mask having an opening " 
above a trench forming region of the n"-type 
semiconductor layer. Then, a trench is formed from 
the major surface of the n"-type semiconductor layer 
in the depth direction thereof by using the mask as an 

20 etching mask. The formation of the trench is 

performed by an anisotropic dry etching method. 

Then, wet etching is applied to allow the mask to 
recede from the top edge portion of the trench (the 
portion of intersection of the side surface of the 

25 trench and the majcr surface of the n~-type 
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semiconductor layer) . Then, isotropic dry etching is 
applied to form the top edge portion and the bottom 
edge portion (the portion of intersection of the side 
surface of the trench and the bottom surface thereof) 
5 of the trench into gently-sloping shapes, 
respectively. Then, the mask is removed. 

Then, thermal oxidation is applied to form a 
sacrifice thermal oxide film over the internal surface 
of the trench, and then the sacrifice thermal oxide 

10 film is removed. The formation and the removal of the 
sacrifice thermal oxide film are performed for the 
purpose of removing defects, strain, contamination and 
the like which are produced when the trench is formed. 
Then, thermal oxidation is applied to form a gate 

15 insulating film comprising a thermal oxide film over 
the internal surface of the trench. Then, a 
polycrystalline silicon film is formed over the entire 
major surface of the n~-type semiconductor layer, 
inclusive of the inside of the trench, by a chemical 

20 vapor deposition method. Impurities for decreasing 
the resistance value of the polycrystalline silicon 
film are introduced into the polycrystalline silicon 
film during or after the deposition thereof. 

Then, etchback is applied to flatten the surface 

25 of the polycrystalline silicon film. Then, etching is 
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selectively applied to the polycrystalline silicon 
film to form a gate electrode in the trench and to 
form a gate lead-out electrode integrated with the 
gate electrode, over the peripheral region of the 
major surface of the n~-type semiconductor layer. In 
this step, a MISFET is formed which has a trench gate 
structure in which the gate electrode is formed in the 
trench of the n~-type semiconductor layer, with the 
gate insulating film interposed therebetween 

Then, an interlayer insulating film is formed 
over the entire major surface of the n~-type 
semiconductor layer, inclusive of the top surface of 
the gate electrode, and then a contact hole is formed 
in the interlayer insulation film. After that, a 
source interconnection and a gate interconnection are 
formed, and then a final passivation film is formed. 
After that, a bonding opening is formed in the final 
passivation film, and then a drain electrode is formed 
on the back of the n + -type semiconductor substrate, 
whereby a power transistor having such a MISFET of 
trench gate structure is almost finished. 

The MISFET having the trench gate structure 
constructed in this manner can be reduced in its 
occupation area compared to a MISFET in which its gate 
electrode is. formed on the major surface of its 



semiconductor layer, with a gate insulating film 
interposed therebetween. Accordingly, the size and on 
resistance of the power transistor can be reduced. 

Incidentally, a power transistor having a MISFET 
5 of trench gate structure is described in, for example, 
EP 666,590. 

Summary of the Invention 

The present inventors have examined the above- 

10 described power transistor (semiconductor device) and 
found out the following problems . 

In the case of the above-described power 
transistor, the p-type semiconductor region which 
serves as the channel forming region is formed in the 

15 n~-type semiconductor layer which serves as the drain 
region, and the n + -type semiconductor region which 
serves as the source region is formed in the p-type 
semiconductor region, and after the trench has been 
formed in the n~-type semiconductor layer, thermal 

20 oxidation is applied to form the thermal oxide film 
which serves as the gate insulating film, over the 
internal surface of the trench. Therefore, impurities 
in the p-type semiconductor region (for example, boron 
(B)) or impurities of the n + -type semiconductor region 

25 ( for. example, arsenic (As)) is introduced into the 
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thermal oxide film and the breakdown voltage of the 
gate insulating film becomes easily degraded, so that 
the reliability of the power transistor lowers* 

Further, impurities in the p-type semiconductor 
region at the side surface of the trench migrate into 
the thermal oxide film and a variation occurs in the 
impurity concentration in the channel forming region 
at the side surface of the trench, so that a variation 
occurs in the threshold voltage (Vth) of the MISFET 
and FET characteristics cannot be provided stably with 
good reproducibilty . 

In addition, impurities of the n + -type 
semiconductor region which serves as the source region 
undergo enhanced diffusion by the thermal treatment 
temperature during the formation of the thermal oxide 
film, and the effective channel length of the MISFET 
is shortened and the punch-through breakdown voltage 
thereof is lowered. If the thermal oxide film is 
formed at a low thermal treatment temperature of 
approximately 950°C, enhanced diffusion of impurities 
in the n*-type semiconductor substrate which serves as 
the source region can be suppressed and the punch- 
through breakdown voltage of the MISFET can be 
ensured. However, if the thermal oxide film is formed 
at such a low thermal treatment temperature, the top 



edge portion of the trench is deformed into an angular 
shape by a compressive stress produced during the 
growth of the thermal oxide film, the film thickness 
of the thermal oxide film at the top edge portion 
5 becomes locally thin, so that the gate breakdown 

voltage of the MISFET is lowered. Therefore, if the 
thermal oxide film is formed at a high thermal 
treatment temperature of approximately 1,100°C, the 
deformation of the top edge portion of the trench can 

10 be suppressed and the gate breakdown voltage of the 

MISFET can be ensured. However, if the thermal oxide 
film is formed at a high thermal treatment temperature 
of approximately 1,100°C, as described above, 
impurities in the n*-type semiconductor substrate 

15 which serves as the source region undergo enhanced 

diffusion and the punch-through breakdown voltage of 
the MISFET is lowered. In other words, since neither 
the punch-through breakdown voltage nor the gate 
breakdown voltage of the MISFET can be ensured, the 

2 0 reliability of the power transistor is lowered. 

An object of the present invention is to provide 
an art capable of increasing the reliability of a 
semiconductor device and providing stable FET 
characteristics of good reproducibility. 

25 The above and other objects and novel features of 
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the present invention will become apparent from the 
following description taken in conjunction with the 
accompanying drawings. 

Representative aspects of the invention disclosed 
5 herein will be described below in brief. 

In a method of fabricating a semiconductor device 
having a MISFET of trench gate structure, a trench is 
formed from a major surface of a semiconductor layer 
of first conductivity type which serves as a drain 

10 region, in the depth direction of the semiconductor 
flayer, a gate insulating film comprising a thermal 
oxide film and a deposition film is formed over the 
internal surface of the trench, and after a gate 
electrode has been formed in the trench, impurities 

15 are introduced into the semiconductor substrate of 

first conductivity type to form a semiconductor region 
of second conductivity type which serves as a channel 
forming region, and impurities are introduced into the 
second conductivity type semiconductor region to form 

20 a semiconductor region of first conductivity type 

which serves as a source region. The formation of the 
thermal oxide film is performed in an oxygen gas 
atmosphere or in a water vapor atmosphere, and the 
formation of the deposition film is performed with a 

25 chemical vapor deposition method. The deposited film 
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is a silicon oxide film or a silicon nitride film or 
an acid nitride film. 

According to the above-described means, after the 
thermal oxide film which serves as the gate insulating 
5 film has been formed, the semiconductor region of 

second conductivity type which serves as the channel 
forming region and the semiconductor region of first 
conductivity type which serves as the source region 
are formed. Accordingly, neither impurities in the 

10 semiconductor region of second conductivity type nor 
the impurity of the of semiconductor region of first 
conductivity type is introduced into the thermal oxide 
film, and the degradation of the breakdown voltage of 
the gate insulating film due to the introduction of 

15 such impurities can be suppressed. In consequence, 
the reliability of the semiconductor device can be 
improved . 

In addition, since the semiconductor region of 
first conductivity type which serves as the channel 

20 forming region is formed after the thermal oxide film 
which serves as the gate insulating film has been 
formed, impurities in the semiconductor region of 
second conductivity type at the side surface of the 
trench is not introduced into the thermal oxide film, 

25 and variation in the threshold voltage (Vth) of the 
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MISFET due to the variation of the impurity 
concentration of the channel forming region can be 
suppressed. In consequence, stable FET 
characteristics can be obtained with good 
5 reproducibility . 

In addition, since the semiconductor region of 
first conductivity type which serves as the source 
region is formed after the thermal oxide film which 
serves as the gate insulating film has been formed, 
10 even if the formation of the thermal oxide film is 

performed at a high thermal oxidation temperature of 

approximately 1,100°C, impurities in the semiconductor 
region of first conductivity type undergo enhanced 
diffusion, whereby reduction in effective channel 
15 length can be suppressed and the punch-through 

breakdown voltage of the MISFET can be ensured. In 
addition, the formation of the thermal oxide film is 
performed at a low thermal oxidation temperature of 

approximately 950°C, and even if the top edge portion 
20 of the trench (the portion of intersection of the side 
surface of the trench and the major surface of the 
semiconductor layer of first conductivity type) is 
deformed into an angular shape by a compressive stress 
produced during the growth of the thermal oxide film, 
25 and the film thickness of the thermal oxide film at 
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the top edge portion becomes locally thin, the locally 
thin portion can be compensated for by the deposited 
film, and therefore the gate breakdown voltage of the 
MISFET can be ensured. In consequence, it is possible 
to improve the reliability of the power transistor 
(semiconductor device). 

Brief Description of the Drawings 

Fig. 1 is a plan view showing the essential 
portion of a power transistor (semiconductor device) 
of a first embodiment according to the present 
invention; 

Fig. 2 is a cross-sectional view taken along the 
line A-A shown in Fig. 1; 

Fig. 3 is a cross-sectional view taken along the 
line B-B shown in Fig. 1; 

Fig. 4 is a cross-sectional view for illustrating 
a method of fabricating the power transistor; * 

Fig. 5 is a cross-sectional view for illustrating 
the method of fabricating the power transistor; 

Fig. 6 is a cross-sectional view for illustrating 
the method of fabricating the power transistor; 

Fig. 7 is a cross-sectional view for illustrating 
the method of fabricating the power transistor; 

Fig. 8 is a cross-sectional view for illustrating 



the method of fabricating the power transistor; 

Fig. 9 is a cross-sectional view for illustrating 
the method of fabricating the power transistor; 

Fig. 10 is a cross-sectional view for 
5 illustrating the method of fabricating the power 
transistor; 

Fig. 11 is a cross-sectional view for 
illustrating the method of fabricating the power 
transistor; 

10 Fig. 12 is a cross-sectional view for 

illustrating the method of fabricating the power 
transistor; 

Fig. 13 is a cross-sectional view for 
illustrating the method of fabricating the power 
15 transistor; 

Fig. 14 is a cross-sectional view for 
illustrating the method of fabricating the power 
transistor; 

Fig. 15 is a cross-sectional view for 
20 illustrating a method of fabricating a power 

transistor of a second embodiment according to the 
present invention; 

Fig. 16 is a cross-sectional view for 
illustrating the method of fabricating the power 
25 transistor; 
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Fig. 17 is a schematic cross-sectional view for 
illustrating the method of fabricating the "power 
transistor; 

Fig. 18 is a cross-sectional view for 
5 illustrating the method of fabricating the power 
transistor; 

Fig. 19 is a cross-sectional view for 
illustrating the method of fabricating the power 
transistor; 

10 Fig. 20 is a cross-sectional view for 

illustrating the method of fabricating the power 
transistor; 

Fig. 21 is a cross-sectional view for 
illustrating the method of fabricating the power 
15 transistor; 

Fig. 22 is a cross-sectional view for 
illustrating the method of fabricating the power 
transistor; 

Fig. 23 is a cross-sectional view for 
2 0 illustrating the method of fabricating the power 
transistor; 

Fig. 24 is a cross-sectional view for 
illustrating the method of fabricating the power 
transistor; 

25 Fig. 25 is a cross-sectional view for 
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illustrating the method of fabricating the power 
transistor; and 

Fig, 26 is a cross-sectional view for 
illustrating the method of fabricating the power 
5 transistor. 

Description of the Preferred Embodiments 

Preferred embodiments of the present invention 
will be described below in detail with reference to 

10 the accompanying drawings. Throughout all the 

drawings for illustrating the preferred embodiments of 
the present invention, identical reference numerals 
denote constituent portions having identical 
functions, and the repetition of the same description 

15 will be omitted. 

(First Embodiment) 

Fig. 1 is a plan view showing the essential 
portion of a power transistor (semiconductor device) 
of a first embodiment according to the present 

20 invention. Fig. 2 is a cross-sectional view taken 
along the line A-A shown in Fig. 1, and Fig. 3 is a 
cross-sectional view taken along the line B-B shown in 
Fig. 1. In Fig. 1/ a source interconnection 12A, a 
gate interconnection 12B, a final passivation film 13 

25 and the like, all of which will be described later, 



- 14 - 



are not shown for the sake of simplicity of 
illustration. In Figs. 2 and 3, hatching (slant 
lines) indicative of a cross section is partly omitted 
for the sake of simplicity of illustration. 

As shown in Figs. 1 and 2, the power transistor 
of the first embodiment includes as its principal body 
a semiconductor base in which , for example, an n~-type 
semiconductor layer IB is formed over a major surface, 
of an n + -type semiconductor substrate 1A made of 
single-crystal silicon. The n~-type semiconductor 
layer IB is formed by, for example, an epitaxial 
growth method, and is made of single-crystal silicon. 

A plurality of transistor elements are formed in 
the semiconductor base, and are electrically connected 
in parallel. The transistor elements of the first 
embodiment are MISFETs. 

Each of the MISFETs principally includes a 
channel forming region, a gate insulating film 5, a 
gate electrode 6A, a source region and a drain region. 
The channel forming region comprises a p-type 
semiconductor region 8 formed in an n~-type 
semiconductor layer IB. The source region comprises 
an n"-type semiconductor region 9 formed in the p-type 
semiconductor region 8. The drain region comprises an 
n + -type semiconductor substrate 1A and the n"-type 



semiconductor layer IB. The gate insulating film 5 is 
formed on the internal surface of a trench 4 which is 
formed from the major surface of the n"-type 
semiconductor layer IB in the depth direction thereof. 
The gate electrode 6A comprises a conductive film 
buried in the trench 4, with the gate insulating film 
5 interposed therebetween. The conductive film 
comprises, for example, a polycrystalline silicon film 
in which impurities for decreasing the resistance 
value is introduced. In other words, the MISFET has a 
vertical structure in which the source region, the 
channel forming region and the drain region are 
disposed in that order from the major surface of the 
n"-type semiconductor layer IB in the depth direction 
thereof, and further has a trench gate structure in 
which the gate insulating film 5 and the gate 
electrode 6A are formed in the trench 4 formed in the 
n'-type semiconductor layer IB. In addition, the 
MISFET is of an n-channel conductivity type in which 
the p-type semiconductor region 8 at side surface of 
the trench 4 is used as the channel forming region. 

The gate insulating film 5 of the MISFET is, but 
not limited to, a multilayer film in which, for 
example, a thermal oxide film 5A and a deposited film 
5B are disposed in that order from the internal 



surface of the trench 4 . The thermal oxide film 5A is 
formed with a film thickness of, for example, 
approximately 2 0 nm, and the deposited film 5B is 
formed with a film thickness of, for example, 
approximately 5 0 nm. The thermal oxide film 5A is 
formed by forming the trench 4 in the n~-type 
semiconductor layer IB and then conducting a heat 
treatment of approximately 950°C in an oxygen gas 
atmosphere or a water vapor atmosphere. The deposited 
film 5B is a silicon oxide film deposited by, for 
example, a chemical vapor deposition method. This 
silicon oxide film is formed by causing silane (SiH 4 ) 
to react with oxygen (0 2 ) in an atmosphere with a 

temperature of, for example, approximately 8 00°C. 

The element forming region of the major surface 
of the n~-type semiconductor layer IB is divided into 
a plurality of island regions by the trench 4. These 
island regions are regularly disposed in a matrix, and 
each of the island regions has a flat octagonal shape 
in plan view. In other words, the trench 4 is formed 
in such a pattern that the element forming region of 
the major surface of the n"-type semiconductor layer 
IB is divided into the plurality of island regions and 
each of these island regions has the flat octagonal 
shape in plan view. Incidentally, the n*-type 



semiconductor region 9 which serves as the source 
region of the MISFETs is formed over the major surface 
of each of the island regions into which the element 
forming region of the n~-type semiconductor layer IB 
5 is divided by the trench 4 . 

The top edge portion of the trench 4 (the portion 
of intersection of the side surface of the trench 4 
and the major surface of the n~-type semiconductor 
layer IB) and the bottom edge portion of the trench 4 

10 (the portion of intersection of the side surface of 
the trench 4 and the bottom surface thereof) have 
gently-sloping shapes. The shapes of the top edge 
portion and the bottom edge portion of the trench 4 
are formed by forming the trench 4 in the n"-type 

15 semiconductor layer IB and then applying chemical dry. 
etching using a mixture gas of a chlorine gas and an 
oxygen gas . 

The source interconnection 12A is electrically 
connected to each of the n + -type semiconductor region 

20 9 and the p-type semiconductor region 8 through a 

contact hole 11A formed in an interlayer insulation 
film 10. The interlayer insulation film 10 is 
provided between the gate electrode 6A and the source 
interconnection 12A and electrically isolates the gate 

25 electrode 6A and the source interconnection 12A from 
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each other. The source interconnection 12A is, for 
example, an aluminum (Al) film or an aluminum alloy 
film. An insulating film 7 is provided between the 
gate electrode 6A and the interlayer insulation film 
5 10. 

As shown in Figs. 1 and 3, the gate electrode 6A 
is extended to a peripheral region of the major 
surface of the n-type semiconductor layer 1, and is 
integrated with a gate lead-out electrode 6B formed 

10 over the major surface in the peripheral region. The 
gate interconnection 12B is electrically connected to 
the gate lead-out electrode 6B through a contact hole 
11B formed in the interlayer insulation film 10. The 
gate interconnection 12B is formed in the same layer 

15 as the source interconnection 12A, and is electrically 
isolated therefrom. 

As shown in Figs. 2 and" 3 , a final passivation 
film 13 is formed over the entire major surface of the 
n~-type semiconductor layer IB, inclusive of the top 

20 surface of the source interconnection 12A and the top 
surface of the gate interconnection 12B. The final 
passivation film 13 is, for example, a silicon oxide 
film deposited by a plasma chemical vapor deposition 
method which uses a tetraethoxysilane (TEOS) gas as 

25 the principal component of a source gas. 
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Incidentally, a bonding opening in which the surface 
of the source interconnection 12A is partly exposed is 
formed in the final passivation film 13, and further, 
a bonding opening in which the surface of the gate 
5 interconnection 12B is partly exposed is formed in the 
final passivation film 13. 

A drain electrode 14 is formed over the back of 
the n-type semiconductor layer 1 . 

A method of fabricating the above-described power 

10 transistor will be described below with reference to 
Figs. 4 to 14 (which are cross-sectional views for 
illustrating the method of fabricating the power 
transistor). Throughout Figs. 8 to 14, hatching 
(slant lines) indicative of a cross section is partly 

15 omitted for the sake of simplicity of illustration. 

First, the n*-type semiconductor substrate 1A 
made of single-crystal silicon is prepared. The 
impurity concentration of the n + -type semiconductor 
substrate 1A is set to approximately 2 X 10 19 

20 atoms/cm 3 . For example, arsenic (As) is introduced as 
impurities . 

Then, as shown in Fig. 4, the n~-type 
semiconductor layer IB is formed over the major 
surface of the n + -type semiconductor substrate 1A by 

25 an epitaxial growth method. The n"-type semiconductor 
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layer IB is so formed as to have, for example, a 
resistivity value of approximately 0.4 Qcm and a 
thickness of approximately 6 /zm. In this step, the n- 
type semiconductor layer 1 which includes the n + -type 
5 semiconductor substrate 1A and the n"-type 
semiconductor layer IB is formed. 

Then, a silicon oxide film having a film 
thickness of approximately 500 nm is formed over the 
major surface of the n~-type semiconductor layer IB. 

10 This silicon oxide film is formed by, for example, a 
thermal oxidation method. 

Then, patterning is applied to the silicon oxide 
film to . form a mask 2 having an opening 3 above a 
trench forming region of the n~-type semiconductor 

15 layer IB, as shown in Fig. 5. This mask 2 is formed 
in a pattern in which each region defined by the 
opening 3 has a flat octagonal shape in plan view in 
the element forming region of the major surface of the 
n~-type semiconductor layer IB. 

20 Then, the trench 4 is formed from the major 

surface of the n~-type semiconductor layer IB in the 
depth direction thereof as shown in Fig. 6, by using 
the mask 2 as an etching mask. The formation of the 
trench 4 is performed by an anisotropic dry etching 

25 method which uses, for example, a chlorine gas or a 
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hydrogen' bromide gas and RF (Radio Frequency) power of 
high level. The trench 4 is so formed as to have a 
depth of approximately 1.5-2 Jim and a width of 
approximately 0.5-2 //m. 
5 Then, wet etching is applied to allow the mask 2 

to recede by approximately 200 nm from the top edge 
portion of the trench 4 (the portion of intersection 
of the side surface of the trench 4 and the major 
surface of the n~-type semiconductor layer IB) . 

10 Then, as shown in Fig. 7 , chemical dry etching 

using a mixture gas of a chlorine gas and an oxygen 
gas is applied to form the top edge portion and the 
bottom edge portion (the portion of intersection of 
the side surface and the bottom surface of the trench 

15 4) of the trench 4 into gently-sloping (rounded) 

shapes. In this step, the trench 4 having the top and 
bottom edge portions of gently-sloping shapes is 
obtained. After that, the mask 2 is removed. 

Then, thermal oxidation is applied to form a 

20 sacrifice thermal oxide film having a film thickness 
of approximately 100 nm over the internal surface of 
the trench 4, and then the sacrifice thermal oxide 
film is removed. The formation and the removal of the 
sacrifice thermal oxide film are performed for the 

25 purpose of removing defects, strain, contamination and 
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the like produced when the trench 4 is formed. The 
formation of the sacrifice thermal oxide film is 
performed in an oxygen gas atmosphere at a high 

temperature of approximately 1,100°C. If the 
5 formation of the sacrifice thermal oxide film is 

performed at a low thermal oxidation temperature of 

approximately 950°C, the top edge portion of the 
trench 4 which has been formed into a gently-sloping 
shape in the previous step will be deformed into an 
10 angular shape by a compressive stress produced during 
the growth of the sacrifice thermal oxide film. The 
reason is that the formation of the sacrifice thermal 
oxide film is performed at a thermal oxidation 

temperature of 1 / 000°C or more. Incidentally, the 
15 formation of the sacrifice thermal oxide film may also 
be performed in an oxygen gas atmosphere diluted with 
a nitrogen gas . 

Then, thermal oxidation is applied to form the 
thermal oxide film 5A having a film thickness of 
20 approximately 2 0 nm over the internal surface of the 
trench 4 as shown in Fig. 8. After that, as shown in 
Fig. 9, the deposition film 5B made of silicon oxide 
and having a film thickness of approximately 50 nm is 
deposited over the surface of the thermal oxide film 
25 5A by a chemical vapor deposition method, thereby 
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forming the gate insulating film 5 . The formation of 
the thermal oxide film 5A is performed in an oxygen 
gas atmosphere or a water vapor atmosphere having a 

low temperature of approximately 950°C. The 
5 deposition of the deposition film 5B is performed in a 
temperature atmosphere having a low temperature of 

approximately 950°C. In this step of forming the gate 
insulating film 5, since the formation of the thermal 
oxide film 5A is performed at a low thermal oxidation 

10 temperature of approximately 950°C, the top edge 

portion of the trench 4 (the portion of intersection 
of the side surface of the trench 4 and the major 
surface of the n"-type semiconductor layer IB) which 
has been formed into a gently-sloping shape in the 

15 previous step is deformed into an angular shape by a . 
compressive stress produced during the growth of the 
thermal oxide film 5A and the film thickness of the 
thermal oxide film 5A at the top edge portion becomes 
locally thin. However, since that locally thin 

20 portion is compensated for by the deposition film 5B, 
the breakdown voltage of the gate insulating film 5 is 
ensured. 

Then, for example, a polycrystalline silicon film 
is formed as a conductive film over the entire major 
25 surface of the n"-type semiconductor layer IB, 
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inclusive of the inside of the trench 4, by a chemical 
vapor deposition method. Impurities for decreasing 
the resistance value (for example, phosphorus (P) ) are 
introduced into the polycrystalline silicon film 
5 during or after the deposition thereof. The 

polycrystalline silicon film is so formed as to have a 

film thickness of, for example, approximately 1 //m. 

The surface of the polycrystalline silicon is 
flattened. This flattening is performed by, for 

10 example, an etchback method or a chemical mechanical 
polishing (CMP) method. 

Then, etching is selectively applied to the 
polycrystalline silicon film to form the gate 
electrode 6A in the trench 4 as shown in Fig. 10 and 

15 to form the gate lead-out electrode 6B (shown in Fig.- 
3) integrated with the gate electrode 6A, over the 
peripheral region of the major surface of the n"-type 
semiconductor layer IB. 

Then, after the deposition film 5B and the 

20 thermal oxide film 5A which remain on the major 

surface of the n"-type semiconductor layer IB have 
been removed, the insulating film 7 made of, for 
example, silicon oxide is formed over the entire major 
surface of the n~-type semiconductor layer IB,. 

25 inclusive of the top surface of the gate electrode 6A 
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and the top surface of the* gate lead-out electrode 6B, 
as shown in Fig. 11. The formation of the insulating 
film 7 is performed by a thermal oxidation method or a 
chemical vapor deposition method. 
5 Then, after a p-type impurity (for example, 

boron) has been introduced into the entire major 
surface of the n~-type semiconductor layer IB by ion 
implantation, stretched diffusion process is conducted 
to form the p-type semiconductor region 8 which serves 

10 as the channel forming region, as shown in Fig. 11. 

The stretched diffusion process is performed for about 
one hour in an N 2 gas atmosphere having a temperature 
of approximately 1,100°C. 

Then, after an n-type impurity (for example, 

15 arsenic) has been selectively introduced into a major, 
surface of the p-type semiconductor region 8 which 
constitutes the major surface of the n'-type 
semiconductor layer IB, by ion implantation, annealing 
is performed at a temperature of 950°C for about 20 

20 minutes to form the n*-type semiconductor region 9 

which serves as a source region, as shown in Fig. 12. 
The introduction of the n-type impurity is performed 
under the condition that the amount of n-type impurity 

to be finally introduced is set to approximately 5 X 
2 5 10 15 atoms /cm 2 and the amount of energy required during 
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the introduction is set to 80 KeV. In this step, a 
MISFET is formed which has a trench gate structure in 
which the gate insulating film 5 and the gate 
electrode 6A are formed in the trench 4 of the n~-type 
5 semiconductor layer IB. 

In the above-described steps, the p-type 
semiconductor region 8 which serves as the channel 
forming region and the n*-type semiconductor substrate 
9 which serves as the source region are formed after 

10 the thermal oxide film 5A which constitutes the gate 
insulating film 5 has been formed. Accordingly, in 
the step of forming the thermal oxide film 5A, neither 
impurities in the p-type semiconductor region 8 nor 
impurities in the n + -type semiconductor region 9 do 

15 not migrate into the thermal oxide film 5A, and 

therefore it is possible to suppress degradation of 
the breakdown voltage of the gate insulating film 5 
due to the migration of impurities. 

The p-type semiconductor region 8 which serves as 

20 the channel forming region is formed after the thermal 
oxide film 5A which constitutes the gate insulating 
film 5 has been formed. Accordingly, impurities in 
the p-type semiconductor region 8 at the side surface 
of the trench 4 do not migrate into the thermal oxide 

25 film 5A, and therefore it is possible to suppress the 
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variation in the threshold voltage (Vth) of the MISFET 
due to the variation of the impurity concentration in 
the channel forming region. 

The n*-type semiconductor region 9 which serves 
5 as the source region is formed after the thermal oxide 
film 5A which constitutes the gate insulating film 5 
has been formed. Accordingly, even if the formation 
of the thermal oxide film 5A is performed at a high 
thermal oxidation temperature of approximately 

10 1,100°C, impurities in the n + -type semiconductor region 
9 do not undergo enhanced diffusion whereby reduction 
in effective channel length can be suppressed and the 
punch-through breakdown voltage of the MISFET can be 
ensured. In addition, the formation of the thermal 

15 oxide film 5A is performed at a low thermal oxidation 
temperature of approximately 95 0°C, and even if the 
top edge port-ion of the trench 4 (the portion of 
intersection of the side surface of the trench 4 and 
the major surface of the n~-type semiconductor layer 

20 IB) is deformed into an angular shape by a compressive 
stress produced during the growth of the thermal oxide 
film 5A and the film thickness of the thermal oxide 
film 5A at the top edge portion becomes locally thin, 
that locally thin portion can be compensated for by 

25 the deposition film 5B, and therefore the gate 
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breakdown voltage of the MISFET can be ensured. 

Then, as shown in Fig. 13, the interlay er 
insulation film 10 having a film thickness of, for 
example, approximately 500 nm is formed over the 
5 entire surface of the n'-type semiconductor layer IB. 
The interlayer insulation film 10 is, for example, a 
BPSG (Boro Phospho Silicate Glass) film. 

Then, anisotropic dry etching using CHF 3 gas is 
performed to form the contact hole 11A and the contact 

10 hole 11B (shown in Fig. 3) in the interlayer 
insulation film 10, as shown in Fig. 14. 

Then, after a conductive film comprising, for 
example, an aluminum film or an aluminum alloy film 
has been formed over the entire major surface of the 

15 n~-type semiconductor layer IB, inclusive of the 

insides of the contact holes 11A and 11B, patterning 
is applied to the conductive film to form the source 
interconnection 12A to be electrically connected to 
each of the p-type semiconductor region 8 and the n*- 

20 type semiconductor region 9, and to form the gate 

interconnection 12B to be electrically connected to 
the gate lead-out electrode 6B. 

Then, the final passivation film 13 is formed 
over the entire major surface of the n~-type 

25 semiconductor layer IB, inclusive of the top surface 
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of the source interconnection* 12A and the top surface 
of the gate lead-out electrode 6B. The final 
passivation film 13 is, for example, a silicon oxide 
film deposited by a plasma chemical vapor deposition 
5 method which uses a tetraethoxysilane (TEOS) gas as a 
principal component of a source gas. 

Then, a bonding opening in which the surface of a 
part of the source interconnection 12A is exposed and 
a bonding opening in which the surface of a part of 

10 the gate interconnection 12B is exposed are formed in 
the final passivation film 13. After that, the back 
of the n*-type semiconductor substrate 1A is ground, 
and then the drain electrode 14 is formed on the back 
of the n + -type semiconductor substrate 1A. Thus, the 

15 power transistor having a MISFET having the trench 
gate structure is almost finished. 

As is apparent from the above description, the 
first embodiment has the following effects. 

The first embodiment is a method of fabricating a 

2 0 semiconductor device having a MISFET of trench gate 
structure, which comprises the steps of forming a 
trench 4 from the surface of an n~-type semiconductor 
layer IB which serves as a drain region, in the depth 
direction of an n"-type semiconductor layer IB, 

25 forming a gate insulating film 5 comprising a thermal 
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oxide film 5A and a deposition film 5B over the 
internal surface of the trench 4, forming a gate 
electrode 6A in the trench 4, introducing impurities 
into the n~-type semiconductor layer IB to form a p- 
5 type semiconductor region 8 which serves as a channel 
forming region, and introducing impurities into the p- 
type semiconductor region 8 to form an n*-type 
semiconductor region 9 which serves as a source 
region. 

10 In this method, after the thermal oxide film 5A 

which constitutes the gate insulating film 5 has been 
formed, the p-type semiconductor region 8 which serves 
as the channel forming region and the n*-type 
semiconductor region 9 which serves as the source 

15 region are formed. Accordingly, neither impurities in 
the p-type semiconductor region 8 nor impurities in 
the n + -type semiconductor region 9 migrate into the 
thermal oxide film 5A, and therefore it is possible to 
suppress degradation of the breakdown voltage of the 

2 0 gate insulating film 5 due to the introduction of 

impurities. In consequence, it is possible to improve 
the reliability of the power transistor (semiconductor 
device) . 

In addition, since the p-type semiconductor 
2 5 region 8 which serves as the channel forming region is 
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formed after the thermal oxide film 5A which 
constitutes the gate insulating film 5 has been 
formed, impurities in the p-type semiconductor region 

8 which at the side surface of the trench 4 do not 

5 migrate into the thermal oxide film 5A, and therefore 
it is possible to suppress the variation in the 
threshold voltage (Vth) of the MISFET due to the 
variation of the impurity concentration in the channel 
forming region. In consequence, it is possible to 

10 obtain stable FET characteristics with good 
reproducibility . 

In addition, since the n*-type semiconductor 
region 9 which serves as the source region is formed 
after the thermal oxide film 5A which constitutes the 

15 gate insulating film 5 has been formed, even if the 

formation of the thermal oxide film 5A is performed at 
a high thermal oxidation temperature of approximately 

1,100°C, impurities in the n + -type semiconductor region 

9 do not undergo enhanced diffusion, whereby reduction 
20 in effective channel length can be suppressed and the 

punch-through breakdown voltage of the MISFET can be 
ensured. In addition, the formation of the thermal 
oxide film 5A is performed at a low thermal oxidation 

temperature of approximately 950°C, and even if the 
25 top edge portion of the trench 4 (the portion of 
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intersection of the side surface of the trench 4 and 
the major surface of the n~-type semiconductor layer 
IB) is deformed into an angular shape by a compressive 
stress produced during the growth of the thermal oxide 
5 film 5A and the film thickness of the thermal oxide 
film 5A at the top edge portion becomes locally thin, 
that locally thin portion can be compensated for by 
the deposition film 5B, and therefore the gate 
breakdown voltage of the MISFET can be ensured. In 

10 consequence, it is possible to improve the reliability 
of the power transistor (semiconductor device). 

Incidentally, although the first embodiment has 
been described with reference to the example in which 
the deposition film 5B comprises a silicon oxide film, 

15 the deposition film 5B may also be a silicon nitride, 
film or an acid nitride film. 
(Second Embodiment) 

A second embodiment will be described, taking an 
example in which a mask to be used as an etching mask 

2 0 during the formation of a trench is a multilayer film 
including a silicon oxide film, a silicon nitride film 
and a silicon oxide film. The reason why the mask is 
such multilayer film is that if the mask to be used as 
an etching mask during the formation of a trench is a 

25 single-layer film of silicon oxide as in the first 
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embodiment, a hydrofluoric acid-containing etchant 
needs to be used for removing a reactive deposit 
produced during anisotropic etching and, at this time, 
if the film thickness of the mask 2 shown in Fig, 6 is 
5 excessively thin, the mask 2 is removed after the 
etching, and the process of forming the top edge 
portion of the trench into a gently-sloping shape by 
isotropic etching cannot be carried out. 

In addition, under particular conditions of 

10 anisotropic etching, since reactive deposit is 

produced as a thin layer over the side surface of the 
trench, it is necessary to carry out etching using 
hydrofluoric acid or the like for a long time in order 
to remove the reactive deposited, so that there is a 

15 good possibility that a mask is absent during 

isotropic etching for forming the top edge portion of 
the trench into a gently-sloping shape. In the second 
embodiment, after the trench has been formed, it is 
possible to effect satisfactory etching using a 

20 hydrofluoric acid etchant and the like by using a 
silicon nitride (Si 3 N 4 ) film, which is not at all 
etched by a hydrofluoric acid-containing etchant, as a 
mask material during trench formation. Accordingly, 
since a silicon oxide film which is a film underlying 

25 the silicon nitride film can be preserved even after 
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isotropic etching, the top edge portion of the trench 
can be formed into a gently-sloping shape • 

A method of fabricating a power transistor of the 
second embodiment according to the present invention 
5 will be described below with reference to Figs. 15 to 
26. Throughout Figs. 19 to 26, hatching (slant lines) 
indicative of a cross section is partly omitted for 
the sake of simplicity of illustration. 

First, the n~-type semiconductor layer IB is 

10 formed over the major surface of the n + -type 

semiconductor substrate 1A made of single-crystal 
silicon, by an epitaxial growth method. The n"-type 
semiconductor layer IB is so formed as to have, for 
example, a resistivity value of approximately 0.4 Qcm 

15 and a thickness of approximately 6 //m. In this step, 
a semiconductor base which includes the n*-type 
semiconductor substrate 1A and the n"-type 
semiconductor layer IB is formed. 

Then, as shown in Fig. 15, a silicon oxide film 

2 0 2A having a film thickness of approximately 100 nm, a 
silicon nitride film 2B having a film thickness of 
approximately 200 nm and a silicon oxide film 2C 
having a film thickness of approximately 400 nm are 
formed in that order over the major surface of the n~- 

25 type semiconductor layer IB. The silicon oxide film 
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2A is formed by a thermal oxidation method , and the 
silicon nitride film 2B and the silicon oxide film 2C 
are formed by a chemical vapor deposition method. 

Then, patterning is applied to the silicon oxide 
5 film 2C, the silicon nitride film 2B and the silicon 
oxide film 2A in that order by anisotropic dry etching 
using a gas such as CHF 3/ thereby forming the mask 2 
having the opening 3 above a trench forming region of 
the n~-type semiconductor layer IB, as shown in Fig. 
10 16. 

Then, the trench 4 is formed from the major 
surface of the n"-type semiconductor layer IB in the 
depth direction thereof as shown in Fig. 17, by using 
the mask 2 as an etching mask. The formation of the 

15 trench 4 is performed by an anisotropic dry etching - 
method which uses, for example, a chlorine gas or a 
hydrogen bromide gas and RF (Radio Frequency) power 
set to a high level. The trench 4 is so formed as to 
have a depth of approximately 1.5-2 //m and a width of 

20 approximately 0.5-2 >am. 

Then, wet etching is performed to allow the 
silicon oxide film 2A of the mask 2 to recede by 
approximately 500 nm to 1 jum from the top edge 
portion of the trench 4 (the portion of intersection 

25 of the side surface of the trench 4 and the major 
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surface of the n~-type semiconductor layer IB), In 
this step, a reactive deposit produced over the side 
surface of the trench 4 and the silicon oxide film 2C 
are completely removed, and the surface of the silicon 
5 nitride film 2B is exposed. 

Then, chemical dry etching using a mixture gas of 
a chlorine gas and an oxygen gas is performed to form 
the top edge portion and the bottom edge portion (the 
portion of intersection of the side surface and the 

10 bottom surface of the trench 4) of the trench 4 into 
gently-sloping shapes, as shown in Fig. 18. In this 
step, the trench 4 having the top and bottom edge 
portions of gently-sloping shapes is formed. 

Then, thermal oxidation is conducted to form a 

15 sacrifice thermal oxide film having a film thickness - 
of approximately 100 nm over the internal surface of 
the trench 4, and then the sacrifice thermal oxide 
film is removed. The formation of the sacrifice 
thermal oxide film is performed in an oxygen gas 

20 atmosphere with a high temperature of approximately 

1,100°C. If the formation of the sacrifice thermal 
oxide film is performed at a low thermal oxidation 

temperature of approximately 950°C, the top edge 
portion of the trench 4 which has been formed into a 
25 gently-sloping shape in the previous step is deformed 
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into an angular shape by a compressive stress produced 
during the growth of the sacrifice thermal oxide film. 
The reason is that the formation of the sacrifice 
thermal oxide film is performed at a thermal oxidation 
5 temperature of 1,000°C or higher. Incidentally, the 

formation of the sacrifice thermal oxide film may also 
be performed in an oxygen gas atmosphere diluted with 
a nitrogen gas. 

Then, thermal oxidation is performed to form the 

10 thermal oxide film 5A having a film thickness of 

approximately 2 0 nm over the internal surface of the 
trench 4 as shown in Fig. 19. After that, as shown in 
Fig. 20, the deposition film 5B made of silicon oxide 
having a film thickness of approximately 50 nm is 

15 deposited over the surface of the thermal oxide film . 
5 A by a chemical vapor deposition method, thereby 
forming the gate insulating film 5. The formation of 
the thermal oxide film 5A is performed in an oxygen 
gas atmosphere or a water vapor atmosphere of a low 

20 temperature of approximately 950°C. The deposition of 
the deposition film 5B is performed in a temperature 
atmosphere having a low temperature of approximately 
800°C. In this step of forming the gate insulating 
film 5, since the formation of the thermal oxide film 

25 5A is performed at a low thermal oxidation temperature 
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of approximately 950°C, the top edge portion of the 
trench 4 (the portion of intersection of the side 
surface of the trench 4 and the major surface of the 
n~-type semiconductor layer IB) which has been formed 
5 into a gently-sloping shape in the previous step is 

deformed into an angular shape by a compressive stress 
produced during the growth of the thermal oxide film 
5A, and the film thickness of the thermal oxide film 
5A at the top edge portion becomes locally thin. 

10 However, since the locally thin portion is compensated 
for by the deposition film 5B, the breakdown voltage 
of the gate insulating film 5 is ensured. 

Then, for example, a polycrystalline silicon film 
is formed as a conductive film over the entire major 

15 surface of the n~-type semiconductor layer IB, 

inclusive of the inside of the trench 4 , by a chemical 
vapor deposition method. Impurities for decreasing 
the resistance value (for example, phosphorus) is 
introduced into the polycrystalline silicon film 

20 during or after the deposition thereof. The 

polycrystalline silicon film is so formed as to have a 
film thickness of, for example, approximately 1 //m. 

Then, the surface of the polycrystalline silicon 
is flattened. This flattening is performed by, for 

25 example, an etchback method or a chemical mechanical 
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polishing method. 

Then, etching is selectively applied to the 
polycrystalline silicon film to form the gate 
electrode 6A in the trench 4 as shown in Fig. 21 and 
5 to form the gate lead-out electrode 6B (shown in Fig. 
3) integrated with the gate electrode 6A, over the 
peripheral region of the major surface of the n~-type 
semiconductor layer IB. 

Then, the deposition film 5B which remains on the 

10 major surface of the silicon nitride film 2B is 

removed, and further the silicon nitride film 2B is 
removed. After that, as shown in Fig. 22, the 
insulating film 7 made of, for example, silicon oxide 
is formed over the entire major surface of the n~-type 

15 semiconductor layer IB, inclusive of the top surface . 
of the gate electrode 6A and the top surface of the 
gate lead-out electrode 6B. The formation of- the 
insulating film 7 is performed by a thermal oxidation 
method or a chemical vapor deposition method. 

20 Then, after a p-type impurity (for example, 

boron) has been introduced into the entire major 
surface of the n"-type semiconductor layer IB by ion 
implantation, stretched diffusion process is performed 
to form the p-type semiconductor region 8 which serves 

25 as the channel forming region, as shown in Fig. 23. 
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The stretched diffusion process is performed for about 
one hour in an N 2 gas atmosphere having a temperature 

of approximately 1,100°C. 

Then, after an n-type impurity (for example, 
5 arsenic) has been selectively introduced into the 
major surface of the p-type semiconductor region 8 
which is the major surface of the n~-type 
semiconductor layer IB, by ion implantation, annealing 

is performed at a temperature of 950°C for about 2 0 
10 minutes to form the n*-type semiconductor region 9 

which serves as a source region, as shown in Fig. 24. 
The introduction of the n-type impurity is performed 
under the condition that the amount of the n-type 
impurity to be finally introduced is set to 

15 approximately 5 X lo 15 atoms /cm 2 and the amount of 

energy required during the incorporation is set to 80 
KeV. In this step, a MISFET is formed which has a 
trench gate structure in which the gate insulating 
film 5 and the gate electrode 6A are formed in the 

20 trench 4 of the n~-type semiconductor layer IB. 

Then, as shown in Fig. 24, the interlayer 
insulation film 10 having a film thickness of, for 
example, approximately 5 00 nm is formed over the 
entire surface of the n"-type semiconductor layer IB. 

25 The interlayer insulation film 10 is formed of, for 
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example, a BPSG (Boro Phospho Silicate Glass) film. 

Then, anisotropic dry etching using CHF 3 gas is 
performed to form the contact hole 11A and the contact 
hole 11B (shown in Fig. 3) in the interlayer 
5 insulation film 10, as shown in Fig. 25. 

Then, after a conductive film comprising, for 
example, an aluminum film or an aluminum alloy film 
has been formed over the entire major surface of the 
n~-type semiconductor layer IB, inclusive of the 

10 insides of the contact holes 11A and 11B, the 

conductive film is patterned to form the source 
interconnection 12A to be electrically connected to 
the p-type semiconductor region 8 and the n*-type 
semiconductor region 9, and to form the gate 

15 interconnection 12B (shown in Fig. 3) to be 

electrically connected to the gate lead-out electrode 
6B. 

Then, the final passivation film 13 is formed 
over the entire major surface of the n"-type 

20 semiconductor layer IB, inclusive of the top surface 
of the source interconnection 12A and the top surface 
of the gate lead-out electrode 6B. The final 
passivation film 13 is, for example, a silicon oxide 
film deposited by a plasma chemical vapor deposition 

25 method which uses a tetraethoxysilane (TEOS) gas as a 
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principal component of a source gas. 

Then, a bonding opening in which the surface of a 
part of the source interconnection 12A is exposed and 
a bonding opening in which the surface of a part of 
5 the gate interconnection 12B is exposed are formed in 
the final passivation film 13. After that, the back 
of the n*-type semiconductor substrate 1A is ground, 
and then the drain electrode 14 is formed on the back 
of the n*-type semiconductor substrate 1A as shown in 

10 Fig. 26. Thus, the power transistor having a MISFET 
having a trench gate structure is almost finished. 

As is apparent from the above description, 
similarly to the previously-described first 
embodiment, the fabrication method of the second 

15 embodiment comprises the steps of forming the trench, 4 
from the major surface of the n~-type semiconductor 
layer IB which serves as the drain region, in the 
depth direction of the n~-type semiconductor layer IB, 
forming the gate insulating film 5 comprising the 

20 thermal oxide film 5A and the deposition film 5B over 
the internal surface of the trench 4 , forming the gate 
electrode 6A in the trench 4, introducing impurities 
into the n~-type semiconductor layer IB to form the p- 
type semiconductor region 8 which serves as the 

2 5 channel forming region, and introducing impurities 
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into the p-type semiconductor region 8 to form the n*- 
type semiconductor region 9 which serves as the source 
region. Accordingly, the second embodiment has 
effects similar to those of the first embodiment. 
5 Although the invention made by the present 

inventors has been specifically described with 
reference to the first and second embodiments, the 
present invention is not limited to either of the 
aforesaid embodiments and various modifications can of 

10 course be made without departing from the spirit and 
scope of the present invention. 

For example, the present invention can be applied 
to a power transistor (semiconductor device) having a 
MISFET of p-channel conductivity type and of trench 

15 gate structure. 

Otherwise, the present invention can be applied 
to a power transistor (semiconductor device) having an 
IGBT (Xnsulated Gate Bipolar Transistor) of trench 
gate structure. 

20 The effect which representative aspects of the 

present invention disclosed herein have will be 
described in brief below. 

It is possible to increase the reliability of a 
semiconductor device having a transistor element of 

25 trench gate structure and provide stable FET 
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characteristics of good reproducibility. 



